In the present study, the chemical composition of water extracts of Chinese and Vietnamese cassia (Cinnamomum cassia) were compared using multivariate analysis of LC-MS data. By principal component analysis of the LC-MS data, 6 compounds, cinnzeylanine (1), cinnzeylanol (2), anhydrocinnzeylanol (3), cinncasinol A (4), epicatechin (5) and procyanidin B2 (6), were identified as the marker compounds to characterize Chinese and Vietnamese cassia. It was clarified that Chinese cassia contains relatively larger amounts of epicatechin and procyanidin B2. On the other hand, Vietnamese cassia is characterized by a relatively larger amount of diterpenes. As catechin derivatives and diterpenes have different types of activity, it is important to choose the cassia that best suits the product for which it is to be used, whether in food or in herbal medicine.
Cinnamomi Cortex is used as a popular natural spice in many parts of the world. It is also used in traditional medicine in many Asian countries for treating dyspepsia, gastritis, blood circulation disturbances, and inflammatory diseases [1] .
The major Cinnamomum species of international importance are C. zeylanicum or true cinnamon; C. cassia or Chinese cassia; and C. burmannii or Indonesian cassia or cinnamon stick [2] [3] [4] . In the Japanese and Chinese Pharmacopeias [5, 6] , only C. cassia is registered as the source of Cinnamomi Cortex. C. cassia is an evergreen tree native to Southeast Asia, especially southern China (Chinese cassia) and northern Vietnam (Vietnamese cassia) [7] . Vietnamese cassia or Saigon cassia was, in earlier literature, identified as C. loureirii, but according to Ravindran et al. [7] , Vietnamese cassia is nothing other than Chinese cassia. However, in each country, different types of harvesting techniques are utilized and it is considered that these affect the appearance and quality of the cassia [8] .
Various chemical constituents, phenylpropanoids, diterpenes, and polyphenols, have been identified in cassia bark [9] [10] [11] . Chinese and Vietnamese cassia is rich in essential oils [12, 13] and it has been reported that the concentration of cinnamaldehyde in Vietnamese cassia (4.63 ± 1.23 %, average of 193 samples collected in 1985-2009) is higher than that in Chinese cassia (2.83 ± 0.74 %, average of 191 samples collected in 1985-2009) [8, 13] .
In contrast to the essential oils, little is known about the nonvolatile components, such as condensed tannins and diterpenes, in Chinese and Vietnamese cassia. In this study, we investigated the chemical profiles of water extracts of Chinese and Vietnamese cassia using multivariate statistical analysis of the data obtained from a LC-IT-TOF-MS analysis, in order to clarify the differences in nonvolatile components between Chinese and Vietnamese cassia.
In Figure 2 , the total ion chromatograms and mass chromatograms monitored by the deprotonated molecular ions (M−H) − of the 4 diterpenes (1-4), as well as those of 5 and 6 in the water extracts of the Chinese and Vietnamese cassia are shown. Some differences can be seen between the chromatograms of the Chinese and Vietnamese samples. Relatively large amounts of diterpenes were detected in the Vietnamese samples, whilst larger amounts of catechin derivatives were detected in the Chinese samples. Although there are clear visual differences between the chromatograms of the Chinese and Vietnamese samples, for an easier and non-biased interpretation of the results and to reduce the dimensionality of the multivariate data obtained from the LC-MS results, we analyzed the LC-MS data using principal component analysis (PCA).
In Figure 3 , the PCA scores plot is shown, where each cassia sample is represented by a marker. The first three PCs account for 96.2% of the total variance (PC1, 86.9%; PC2, 5.2%; PC3, 4.1%). The scores plot clearly indicates that the chemical constituents in the extracts from Chinese and Vietnamese cassia are different. Ravindran et al. [7] has stated that Chinese cassia and Vietnamese cassia are derived from the same species, C. cassia, and Tochimoto-Tenkaido [8] has reported that the harvesting techniques prevalent Table 1. in China and Vietnam affect the difference in quality between cassia products; Chinese products are collected from four-to five-year old shoots, whereas Vietnamese products are collected from trees almost 15 years older. In Figure 3 , one Vietnamese sample (sample No. 16) is located in the group of Chinese products. This sample was produced in Yen Bai province and derives from relatively younger trees (8 years old) than the other Vietnamese products. It is considered that the number of years of cultivation of the tree correlates with the difference in chemical constituents.
In the chemometric analysis, the ions detected with large loading values can be considered to be markers that strongly contribute to the classification of the samples by PCA ( Figure 4 ). In the present study, 6 compounds, cinnzeylanine (1), cinnzeylanol (2), anhydrocinnzeylanol (3), cinncasinol A (4), epicatechin (5) and procyanidin B2 (6), were distinguished as marker compounds and these were identified in the negative ion mass spectrometric analysis of the elemental composition information, as well as in the MS/MS data. In addition, the loading plot ( Figure 4 ) indicates that Vietnamese cassia contains larger amounts of diterpenes; in particular the amount of compound 1 is higher than in Chinese samples, while Chinese cassia is characterized by relatively higher amounts of epicatechin and procyanidin B2. Compounds 1 and 2 have pentacyclic skeletons, the structures of which are the same as the diterpene moiety of ryanodine, an insecticidal constituent from Ryania speciosa, which is well known as a ryanodine receptor antagonist [14, 15] . Isogai et al. [16] reported the insecticidal activity of the compounds. Cassia is an important ingredient in Japanese and Chinese traditional medicine for the treatment of influenza. Recently, Orihara et al. [17] have reported the antiviral activity of 1. It is very interesting that Vietnamese cassia contains high concentrations of these bioactive diterpenes, which are the source of its medicinal qualities.
Recently, much research on the bioactivity of procyanidins in cinnamon and cassia has been carried out [18, 19] . Lu et al. [18] reported that procyanidin B2 is the major constituent of C. cassia and A-type procyanidins of C. japonica. In the present study, procyanidin B2 was detected predominantly in all the Chinese samples and it was clarified that a high content of this compound characterizes Chinese cassia.
In Figure 5 Isogai et al. [16] have identified the detailed structure using x-ray crystallography, which indicates a steric strain at the acetylated sixmembered ring of 1. It is considered that the major fragmentation process of 1 is due to strain in the chair form of the six-membered ring, leading to its cleavage after the loss of the acetic acid moiety.
In the MS 2 spectra, from the [M−H] − ions of 2, 3 and 4, a series of products due to the successive cleavage of water or carbon dioxide were detected, as shown in Figure 5 . In addition, in the MS 2 spectrum of 4, a significant product was detected at m/z 407.3304, attributable to the loss of CH 2 O at C19. The structures of 5 and 6 were confirmed as epicatechin and procyanidin B2, respectively, by comparison of their HPLC retention times, and the [M−H] − ions of their MS/MS spectra with those of reference standards. Regarding the difference in chemical composition between Chinese and Vietnamese cassia, Kondou et al. [13] reported that Vietnamese cassia contains larger amounts of essential oils than Chinese cassia, and the concentration of coumarin, a toxic substance to the liver, is particularly higher. Therefore, it is considered that an excess intake of Vietnamese cassia can cause adverse health effects. In the present study, the quality of water extracts of Chinese and Vietnamese cassia were compared using multivariate analysis of LC-MS data. It was confirmed that Chinese cassia contains relatively larger amounts of epicatechin (5) and procyanidin B2 (6) . On the other hand, Vietnamese cassia products were characterized by relatively larger amounts of diterpenes (1) (2) (3) (4) . It has been reported that the harvesting techniques prevalent in China and Vietnam are different; Chinese products are collected from younger trees and shoots than Vietnamese products. One Vietnamese sample (sample No. 16) derived from relatively younger trees (8 years old) than the other Vietnamese products showed relatively larger amounts of epicatechin (5) and procyanidin B2 (6) . It was considered that the number of years of cultivation of the trees correlated with these differences.
A range of health related properties are reported for procyanidins: protective effects against cardiovascular diseases, antioxidant and antitumor activities and an inhibitory effect on pancreatic lipase [22] . Regarding activities of diterpenes in Cinnamomum species, Orihara et al. [17] have reported the antiviral activity of diterpene 1. As procyanidins and diterpenes have different types of activity, it is important to choose the cassia that best suits the product for which it is to be used, whether in food or in herbal medicine. Figure 1 . The isolated compounds were identified by comparing their 1 H and 13 C NMR spectra with those reported in the literature [10, 16, 23] . All chemicals were of analytical grade, and the chromatographic solvents were of HPLC grade (Wako Pure Chemical Ind. Co. Ltd., Tokyo, Japan).
Experimental

Materials and analytical sample preparation:
Analytical instruments: LC-MS analyses were performed using a Shimadzu LC-IT-TOF mass spectrometer equipped with an ESI interface. The ESI parameters were as follows: source voltage −3.5 kV, capillary temperature 200˚C, nebulizer gas 1.5 L/min. The mass spectrometer was operated in the negative ion mode scanning from m/z 200 to 2000. A Waters Atrantis T3 column (2.1 mm i.d.× 150 mm) was used and the column temperature was maintained at 40˚C. The mobile phase was a binary eluent of (A) 5 mM (NH 4 )OAc solution and (B) CH 3 CN under the following gradient conditions: 0-30 min linear gradient from 10% to 100% B, 30-40 min isocratic at 100% B. The flow rate was 0.2 mL/min. In the MS/MS analysis, the mass spectrometer was set to survey ions in the range m/z 100-1000 and to subject the most abundant ions in the scan to automatic MS/MS analysis.
Statistical analysis:
Samples were analyzed to identify potential discriminant variables. Finding the peaks in the total ion chromatogram, identifying the abundant ions, alignment of ions by retention time and peak filtering of the negative mass spectrometric raw data were carried out using Shimadzu LC-MS solution software (Shimadzu, Kyoto, Japan) and Profiler software (Phenomenome, Saskatchewan, Canada). All the statistical analyses applied to the resulting 3D-data matrix (mass spectral array table) containing accurate mass numbers of the detected peaks (S/N >10), retention times and the normalized intensities of the peaks (autoscale), were carried out using Profiler software (Phenomenome, Saskatchewan, Canada).
